ABSTRACT. Morphine is a psychoactive medication that is used as a standard analgesic treatment to relieve pain in clinics. Many patients rely on chronic or acute treatment of morphine to treat pain. However, morphine is a narcotic and has a reverse effect when inappropriately used. Therefore, it is necessary to study chronic and acute morphine treatment to improve pain relief. In this study, differentially expressed genes of acute and chronic morphine-treated mice were identified using Array Express datasets. The genes that were associated with these two types of morphine treatment are discussed. A co-expression network was constructed, and the hub genes were identified. Gene ontology enrichment analysis and pathway analysis were performed using the Gene Ontology website and Kyoto Encyclopedia of Genes and Genomes, respectively. Our study revealed genes that are associated with acute and chronic morphine treatment. Therefore, this study is L. Ding et al.
INTRODUCTION
Morphine is an important psychoactive chemical in opium and is used to relieve intense pain and suffering in clinical patients. It has been considered a benchmark of analgesics for its direct action on the central nervous system. Thus, many patients experiencing pain depend on chronic morphine treatment for pain relief. However, when inappropriately used, morphine has a reverse effect and causes rapidly worsening pain (Fenu et al., 2014) . In recent years, many researchers have studied the influence of morphine on human biological processes. Quanhong et al. (2012) provided a novel adjuvant for morphine treatment (acute and chronic) via investigating PLCb3 factor administration in the morphine tolerance signal pathway Belkaï et al. (2013) used acute morphine treatment to study the effect of acute methadone and buprenorphine treatment on pain management and opioid addiction at the gene level. Chen et al. (2014) found that, after chronic morphine treatment, the expression of spinal G protein was upregulated. Additionally, this effect was attenuated by knockdown of the spinal mGlu5 receptor with antisense oligonucleotides. Joshi et al. (2014) evaluated the influence of morphine treatment on elevated plus maze test parameters, oxidative stress markers, and Hsp70 expression in normal and stressed rats. Consequently, morphine was shown to differentially affect acute and chronic stress-induced changes in anxiety-related behaviors and complex interactions between oxidative stress markers and Hsp 70 expression. Umathe et al. (2012) studied the differential effect of acute and chronic morphine treatment with regard to withdrawal on obsessive-compulsive behavior. The results showed that marble burying behavior was reduced after acute morphine treatment, whereas the increase of such behaviors was shown to be closely related to the withdrawal of chronic morphine treatment (Joshi et al., 2014) . Although numerous studies exist on the association of acute and chronic morphine treatment with human biological processes, research on the relationship of these two basic treatment methods is scarce. In the current study, our aim was to identify differentially expressed genes (DEGs) under acute and chronic morphine treatment. We found potential functionally defined classification genes that are related to both treatments and might provide insight into how acute and chronic morphine treatment affects biological processes. We identified differential expression profiles of acute and chronic morphine treatment using the Linear Models for Microarray Data (LIMMA) Package (Smyth, 2004) in a bioconductor. Then, the differentially co-expressed genes (DCGs) were identified, and corresponding co-expression networks were constructed. After investigating the centrality characteristics of the constructed co-expression networks, functional enrichment was performed using gene ontology (GO) (Deng and Huang, 2014) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) (Kanehisa et al., 2014) . This research might provide a promising foundation for determining the effect of acute and chronic morphine treatment at the gene level. (Korostynski et al., 2007) , which was obtained from Array Express. This publicly available microarray dataset was used to evaluate DEGs between 12 subjects who were acutely treated with morphine, 12 subjects who were chronically treated with morphine, and 12 normal control subjects. The dataset was processed on a Mice430_2 platform.
MATERIAL AND METHODS

Preprocess of microarray datasets
For data preprocess, the probe-level data were converted into expression measures. After obtaining 45,101 genes from a dataset that was read by the Affy package, the robust multiarray average method (Ma et al., 2006 ) and a quartile-based algorithm (Rifai and Ridker, 2001 ) were used to correct background and normalize the quartile data. Additionally, the MAS5 algorithm (Pepper et al., 2007) , for which the value was selected via the median method, was applied to determine perfect match and mismatch values (Lacher et al., 2014) . Gene screening was then carried out based on the nsFilter method of the Gene Filter package. Genes with inter-quartile ranges (Martin, 2004) greater than 0.5 were discarded. The platform annotation files that were provided by Affymetrix Company were used to map the relationship between the probes and gene symbols. A probe with no corresponding gene symbol would be filtered, and the most significant differentially expressed probe-set that was analyzed by the maximum-based method was retained if multiple probe-sets were associated with one gene. Finally, 10,313 probe genes were obtained.
Identification of DEGs
The DEGs were identified using the freely available R platform (http://cran.r-project. org/). The data were further screened by the topTable method (Smyth, 2004) in the LIMMA package, which is a Bayes method available through Bioconductor (http://www.Bioconductor. org/) (Gentleman et al., 2004) . The maximum number of genes were set as 10,313, and P value was adjusted to q value using the false discovery rate method (Martin, 2014) . Only the genes that met our criteria (logFC > 2 and P < 0.05) were selected as DEGs in this study.
Identification of DCGs in co-expression network
Co-expressed genes played important roles in the accomplishment of biological function and participated in similar biological pathways . In fact, genes with functional relationships were frequently co-expressed across the samples (Bergmann et al., 2003; Stuart et al., 2003; Lee et al., 2004) .
In the current research, we used the R/EB co-express package, which uses an empirical Bayesian framework for DCG discovery , to identify DCGs in mice that were treated with acute and chronic morphine compared with their corresponding normal subjects (Yang et al., 2013) . The DEGs selected were applied, and the function makeMyD (Dawson, 2012) was used to convert the X expression matrix into the D correlation matrix (X refers to an m-by-n expression matrix, where rows are genes and columns are subjects; D refers to the correlation matrix output of makeMyD) by using Pearson's correlation coefficient based on a two-dimensional matrix. Then, the hub genes were calculated by rankMyGenes function (Dawson, 2012) , which used a threshold to determine the names of the differently coexpressed pairs. rankMyGenes function then split those pairs into their constituent genes and created a table with the associated data. A sorted version of the table is then returned. Finally, the co-expression network was drawn by showNetwork (Dawson, 2012) , a function to evaluate co-expression among a small group of genes. In the constructed network, the edges were colored based on the correlation strength, which was indicated by the D matrix that was input and ranged from red (strong negative correlation) to blue (strong positive correlation). The degree of the expressed correlation was set as 0.9 (Dawson, 2012) .
Centralities of network
Stress was defined as the number of shortest paths passing through a node. High stress values indicated that the protein was involved in connecting regulatory molecules (Scardoni and Laudanna, 2012) . Another parameter of centrality was betweenness, which described the core of node in the network. In present study, the thresholds of stress and betweeness were set as 1419.19 and 629.88, respectively. The centralities of the networks were analyzed by the Centiscape plug-in (Scardoni et al., 2009 ) via mapped DEGs into the Cytoscape software (Gonçalves, 2014) .
Functional enrichment analysis
To further investigate the biological functions of these genes, GO enrichment analysis and KEGG pathway enrichment analysis were performed using an online tool, the Database for Annotation, Visualization, and Integrated Discovery (DAVID) bioinformatics resource (http://david.abcc.ncifcrf.gov/tools.jsp) (Huang et al., 2008) .
DAVID bioinformatics resources could systematically extract biological meaning from a large number of genes. GO terms and KEGG pathways with a P value less than 0.05 (except for cellular components in GO terms of chronic morphine treated, P < 0.1) were chosen based on expression analysis systematic explorer (EASE) test (Hosack et al., 2003) , which was applied in DAVID.
EASE analysis of the regulated genes indicated molecular functions and biological processes that were unique to each category (Ford et al., 2006) . The EASE score was used to detect significant categories. The threshold of EASE score, <0.05, and the minimum number of genes for the corresponding term, >2, were considered to be significant for a category.
RESULTS
Identification of DEGs
After normalization and preprocessing of the expression profile dataset, 481 and 75 DEGs of acute and chronic morphine treatment, respectively, were identified using the LIMMA package based on the research criteria (logFC > 2 and P < 0.05). DEGs that were identified from the microarray datasets are shown in Table 1 , and 23 common genes were selected, including Zbtb16, Pkp2, Plin4, Cebpa, Map3k6, Cdkn1a, Camk1g, Tsc22d3, Sgk3, Tmem125, Slc2a1, Greb11, Slc25a13, Gng11, Fkbp5, Wnt7a, Lurap11, Opalin, Arfrp1, Frmd4b, Olig2, Dusp16, and Lap3. 
Identification of DCGs in a co-expression network
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Functional enrichment analyses
GO analyses were carried out in three categories, including biological processes (BP), molecular functions (MF), and cellular components (CC). For GO enrichment analysis of acute morphine-treated mice, the 481 DEGs were significantly enriched in 54 BP terms, 25 MF terms, and 18 CC terms. Alternatively, for GO enrichment of the chronic morphine treated subject, the 75 DEGs were significantly enriched in 35 GO BP terms, 7 MF terms, and 4 CC terms. After discarding the terms with P values less than 0.01, the five most significant GO BP, MF, and CC terms are presented in Table 2 . The most significant BP, MF, and CC terms pertaining to acute morphine-treated subjects were phosphate metabolic process (P < 0.01), Rasguanyl-nucleotide exchange factor activity (P < 0.01), and plasma membrane (P < 0.01), respectively. For the chronic morphine-treated subjects, the most significant corresponding BP, MF, and CC terms were negative regulation of cell proliferation (P < 0.01), transcription regulator activity (P < 0.05), and adherents junctions (P = 0.06), respectively. The top four significant terms of GO analysis are shown in Table 2 .
For KEGG pathway enrichment analysis of acute morphine-treated mice, our results showed that the DEGs were significantly enriched in eight pathways (Table 3) . Alternatively, for the chronic morphine-treated subjects, the DEGs were significantly enriched in the KEGG pathway terms in cancer. These DEGs are involved in both of the acute and chronic KEGG terms.
DISCUSSION
Morphine, which is a mainstay in pain management, has been used for pain treatment for more than 5000 years (Quanhong et al., 2012) . In the present study, we identified DEGs in chronic and acute morphine-treated subjects by secondary use of multiple microarray data. We then analyzed the DEGs using a network-based algorithm. The correlation between mRNA expression in chronic and acute morphine-treated subjects was characterized, and the results indicated that the common genes that correspond to DEGs might be significant.
To date, several common genes have been reported with regard to morphine treatment. Tsc22d3, which is a gene that encodes TSC22 domain family protein 3 (Vogel et al., 1996) , was identified as a co-expressed gene of transcriptional activation in inbred mouse strains that were administrated acute and chronic morphine by Korostynski et al. (2007) . There were differences between strains with regard to the magnitude of transcriptional response to acute morphine treatment, and the degree of gene expression tolerance relative to chronic morphine treatment was observed (Korostynski et al., 2007) . Tsc22d3 has also shown to be a morphine-responsive gene for knockdown that results in alterations to dendritic spines that possibly reflects an altered potential for plastic changes in the mouse striatum (Piechota et al., 2010) . Additionally, Fkbp5, which is a drug-responsive gene that codes for FKBP5, has a role in posttraumatic stress disorder, depression, and anxiety by genetic studies (Binder, 2009) . Szklarczyk et al. (2012) found that traumatic stress induced the upregulation of Tsc22d3 and expression of Fkbp5. Moreover, traumatic stress further enhanced sensitivity to the rewarding properties of morphine.
The results of this research demonstrated that Tsc22d3 and Fkbp5 related closely with morphine treatment (Szklarczyk et al., 2012) . Olig2 was identified as a novel morphine-regulated gene (Korostynski et al., 2007) , because the expression of Olig2 was enhanced when the subject was exposed to morphine (Hahn et al., 2012) . The hub genes of acute chronic treated subjects were also considered to have potential significance. Ntrk2, a neural differentiationand growth-associated gene, experienced dynamic changes upon morphine exposure (Wen et al., 2013) . The genes mentioned above that are reported to change when exposed to morphine treatment are probably genes that are related to both chronic and acute morphine treatment. Therefore, these genes may be useful for developing novel approaches for researchers to study the impacts on biological functions in people who are treated with morphine. CX3CR1, ADD2, BBS5, SCN1A, TNFRSF25, SSH2, PHKA1, CACNB1, SNX1, NOSTRIN, GNG11, EPHA10,  KCNA5, ZBTB16, CX3CL1, GJC2, GPR22, ECE1, PLIN4, OPALIN, SYN2, TGM2, TNFRSF19, TRAF7,  PRIMA1, FN1, GABRA4, DLGAP2, FRMPD1, GJB6, VAV2, ATP7A, P2RY13, FNBP1, RAB31, ADCY9,  ITGA6, FYN, PKP2, ITGA8, NOTCH4, PKP4, NTRK2, CACNA1G, ABCC4, GO addresses the obstacle of genomic database interoperability and produces a novel, dynamic, and controlled vocabulary that can be applied to all eukaryotes. Three unique ontologies constructed on the internet (http://www.geneontology.org) are BP, MF, and CC. Among them, BP refers to genes or gene products that alter biological processes by involving a chemical or physical transformation and is accomplished by one or more ordered MF assemblies (Ashburner et al., 2000) . A total of 16 BP terms (Table 4) are involved in both of acute and chronic subjects, including phosphate metabolic process, phosphorus metabolic process, regulation of cell proliferation, and regulation of programmed cell death. The most significant term for the chronic subjects was negative regulation of cell proliferation, which had a P value < 0.01, was also significant for the acute subjects, which had a P value < 0.01. Regarding MF, three terms including protein dimerization activity (P < 0.01), MAP kinase phosphatase activity (P < 0.05), and MAP kinase tyrosine/serine/threonine phosphatase activity (P < 0.05) were significant for both the acute and chronic morphine-treated subjects. These results demonstrated that several mRNA expressions in chronic morphinetreated subjects were also significant for acute morphine-treated subjects. However, the result of the present study needs more support in terms of clinical evidence, and the relationship between DCGs and morphine treatment needs further evaluation. Therefore, the results of functional enrichment that we identified may merit further attention, validation, and studies.
